Objective: We hypothesized that fibromyalgia (FM) patients would report lower levels of psychological control mechanisms and that higher levels of control would moderate key symptoms associated with FM, such as pain, fatigue, perceived stress, and mood disturbance. Methods: Ninety-eight women with FM diagnosed according to American College of Rheumatology criteria and 35 matched pain-free women were identified. Applied questionnaires included the Fibromyalgia Impact Questionnaire, Profile of Mood States, Perceived Control of Internal States Scale, Perceived Stress Scale, and Mastery Scale. Differences were sought using t-tests, one-way analysis of variance, bivariate correlations, and multiple regression analysis. Results: Comparison between FM patients and healthy individuals found significant differences in control (Perceived Control of Internal States Scale and Mastery Scale), pain, perceived stress, fatigue, confusion, and mood disturbance (all P , 0.001). There were significant associations found between both high and low levels of control on stress, mood, pain, and fatigue (P , 0.001-0.05). Strong negative correlations were present between internal control and perceived stress (P , 0.0005). Conclusion: FM patients use significantly different control styles compared with healthy individuals. Levels and type of psychological control buffer mood, stress, fatigue, and pain in FM. Control appears to be an important "up-stream" process in FM mechanisms and is amenable to intervention.
Introduction
Part of the experience of pain is perception based and influenced by cognitive, behavioral, personality, and learning attributes. An individual's sense of control is an element of perception that has a major influence on pain. The construct of control is complex and multidimensional. 1 Lack of control has been associated on the one hand with psychological disorders, including anxiety and depression, and on the other with physical illness. 2 Stress has also been argued to be a product of lack of control. 3 In general terms, control can be understood as two similarly related constructs. Firstly, it is seen as an internal state that can influence a causal relationship that allows outcomes based on one's own beliefs and actions. Secondly, it is seen as an external state with subsequent outcomes achieved from others, or fate, chance, or luck. 4, 5 Destiny is thus understood to be shaped either by an individual's own ability or by the effects of others. From a health perspective, higher levels of internal control produce more active coping and thus better adjustment to life predicaments. In contrast, having high levels of external control may elicit a more passive coping approach and thus a potential for higher levels of disability. 6 Both external and internal controls exist on a spectrum and are not mutually exclusive. A corollary to these constructs is "perceived control," defined as "the belief that one can determine one's own internal states and behaviors, influence one's environment, and/or bring about their desired change." 6 In the context of chronic pain, individuals with high internal control mechanisms report more active coping techniques to minimize their pain and also have lower psychological distress. 7 They function better than those with low internal control who report passive coping techniques. 5, 8 A betterfunctioning internal control mechanism associates with a better adjustment to pain and/or other symptoms. In other words, the more one feels in control of a situation, the easier it is to facilitate the adaptation process that is important in managing a chronic health condition. Being in control and being able to adapt to new situations, including chronic pain, is fundamental to the establishment of self-management strategies that have been shown to be effective in chronic pain disorders. 9 In patients with fibromyalgia (FM), the level of the internal locus of control has been directly linked to the effects of coping with a long-term chronic illness. 10 Barriers to better control in this context include stress and the negative impact that FM has on everyday life. Women with FM are not only more likely to be vulnerable to the negative effects of stress but have fewer psychological resources, including pain coping techniques, and fewer networks to assist in social support when compared with women with osteoarthritis.
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There are few studies that investigate control in FM. FM patients have reported lower control over their pain in comparison with those with rheumatoid arthritis or systemic lupus erythematosus, and treatment that used a self-management approach to increase control showed FM patients to improve significantly. 12 It has also been shown that those with higher internal control, compared with those with lower control levels, reported greater positive change coming about through different therapeutic interventions. Higher levels of control in FM correlated with increased physical activity levels, improved quality of life, and less pain and fatigue. Of note, in a number of studies, nonpharmacological treatment methods, including self-management approaches, produced more positive outcomes than pharmacologic methods, emphasizing the clinical importance of better understanding of these processes. 9, 13 In contrast, lower levels of internal control in FM patients are associated with higher levels of anxiety and increased pain intensity. [14] [15] [16] The level of control also interacts with other psychological variables. FM patients diagnosed with high levels of depression tended to report a higher external control style, reporting that the FM condition was a result of medical (external) rather than psychological (internal) factors. 17, 18 In contrast, a study investigating the influence of depression on the control (attribution) style in FM found inconclusive results. 19 The current study is based on the theoretical premise that higher perceived control associates with lower FM-related symptoms. Firstly, we investigated whether the type of control, internal or external, differed between the FM and healthy control (HC) groups. Specifically, we sort whether the FM group, when compared with the HC group, would report lower levels of internal and external control (as measured by the Mastery Scale). Secondly, we studied whether different levels (low, moderate, high) of internal and external control would modulate levels of pain, fatigue, confusion, stress, and mood, and whether significant interactions would be found between FM and HC groups. Next, we explored the relationship between internal control and FM clinical features with the expectation that with increased levels of perceived control and mastery there would be a decrease in perceived stress, pain, fatigue, and mood states. Finally, we examined whether control (internal and external) is a predicator of stress in FM.
Methods
Ethics approval was obtained through the relevant committees of Monash University and Monash Medical Centre, Melbourne, Australia. The participants consisted of volunteer women who were sourced from a variety of areas, including an FM self-management program, notices in local newspapers, an FM treatment clinic, and local rheumatologists. Ninety-nine female FM patients fulfilling American College of Rheumatology 1990 classification criteria and 36 female HCs, all healthy individuals with no pain condition and recruited by word of mouth, were identified. All participants were sent written information regarding the study, along with a consent form, which, when signed, was followed by a series of questionnaires. These included the Fibromyalgia Impact Questionnaire (FIQ), 20 Profile of Mood States (POMS), 21 Perceived Stress Scale (PSS), 22 Perceived Control of Internal States Scale (PCOISS), 1 and Mastery Scale. 23 The details of these constructs are as follows. The FIQ is represented in three sections, which, when combined, produce an overall score. The first section focuses on the person's perception of their ability to perform functional tasks, scoring on a Likert scale with 0 = always able to do through to 3 = never able to do. The next section identifies submit your manuscript | www.dovepress.com Dovepress Dovepress two items that focus on how many days the patient (1) felt good and (2) missed work. The final section is a series of visual analog scales ranging from 0 (no issues presented) to 10 (worst possible issues presented), and the patient reports on their ability to work, levels of pain, fatigue, restfulness, stiffness, anxiety, and depression. For this study we examined levels of pain, fatigue, restfulness, anxiety, and depression using the FIQ. The POMS assesses the current mood state through use of a checklist of 65 adjectives. Each adjective was rated on a Likert scale from 1 = not at all through to 5 = extremely. The factors examined were tension/anxiety, depression/dejection, anger/hostility, fatigue/inertia, vigor/ activity, and confusion/bewilderment. Individual scores represent the level of that particular mood. The PSS is a ten-item scale examining the levels of unpredicted, uncontrollable, or overloaded factors in patients' lives. A 5-point Likert scale is used to rate agreement to the various states from 1 = never through to 5 = very often. Higher scores indicate greater perceived distress. The PCOISS measures the degree to which individuals feel they have control of their thoughts, emotions, and physical reactions, which, in turn, moderates the impact of events on their wellbeing. A 5-point Likert scale, rated from 1 = strongly agree to 5 = strongly disagree, is used to assess 14 items. High scores indicate a high level of perceived control. The Mastery Scale rates the patients' beliefs in their ability to control situations and to deal with possible difficulties and challenges. A 4-point Likert scale is used, with patients rating their agreement to the states from 1 = strongly agree to 4 = strongly disagree to assess seven items. High scores indicate a high level of mastery.
Statistical analysis
SPSS (PASW version 18, SPSS, Inc, Chicago, IL) was used in the analysis. Initial descriptive analysis was conducted along with normality checks. Means and standard deviations, t-tests, analysis of variance, Tukey comparisons, bivariate correlations, and multiple regressions were used to explore the influence of control on symptoms associated with FM. Table 1 summarizes the demographics of the two groups. The study consisted of 135 individuals, 99 of whom had FM. There were differences between the groups in regard to a number of sociodemographic factors, including age, education, work status, and income. Some of these factors are a result of FM-related disability and are not present in HCs.
Results
The means, standard deviations, and t-tests reported significant differences between the FM and HC groups for all domains of FM, with all symptom characteristics being higher in the FM group ( Table 2 ). The levels of anxiety and depression reported by the FM patients were only moderate in severity, whereas sleep and fatigue rated as higher. Fatigue rated higher than pain. Stress was significantly higher in the FM group. Levels of control, both internal and external, were significantly different in the HC group. The level of internal or external control was then evaluated in tertiles in order to assess for gradient effects of control on FM clinical features. The relationship between the highest and lowest tertile levels of internal control and the outcomes associated with FM are shown in Table 3 . It is noted that as the level of internal control decreased, the level of FM-related symptoms increased. All mean symptom outcomes were significantly different between low and high levels of PCOISS submit your manuscript | www.dovepress.com Dovepress Dovepress for both FM and HC, with the exception of pain in the FM group. Thus, high levels of internal control were associated with less sleep disturbance, fatigue, and confusion. However, pain showed a ceiling effect, in that although higher levels of internal control were associated with lower levels of pain, both medium and low levels of internal control made no difference. In contrast, in the HC group, pain was significantly different according to the level of internal control, although absolute pain levels were significantly lower than in the FM group.
The relationship between the highest and lowest tertile levels of external control and the outcomes associated with FM are shown in Table 4 . This shows significant associations between the level of external control and the clinical characteristics of FM in the FM group. Thus, low levels of external control were associated with fewer symptoms, and overall there was a significant difference between the highest and lowest tertile groups. In the HC group the level of external control was associated only with pain, confusion, stress, and depression.
Comparison of the type of control (internal versus external) in FM showed that internal control displayed slightly different responses to external control. Table 5 summarizes this. Both mood and FM symptoms differed significantly between low and high tertile levels, but sleep was different between all three levels, low, medium, and high. External control was significantly different between low to medium and medium to high levels for all FM symptoms, with the exception of pain. Significant stress level differences were reported between all levels of control. Mood and sleep responses reported significant differences between low to high and low to medium levels. Stress responses reported higher sensitivity, with differences found between all levels of external control. These dissimilarities indicate that the two scales do identify different aspects of the construct of control.
It is important to note that mood disturbance in this group was only moderate. For instance, FM patients with the lower levels of internal control still reported only moderate levels of depression (4.58) and anxiety (5.13). Table 6 shows the correlations between both types of control and the associ- Table 2 Regression analysis was conducted within the FM population in order to explore whether internal and/or external control would predict outcomes of stress and other selected components of the FM phenotype (see Table 7 ). It was found that internal and external control together was the best predictor of stress, with 53% of the variance explained by this combination. In regards to stress, external control held higher contribution to this model with 48.5%, whereas internal control contributed 32%. Internal and external control contributed less significantly to confusion, anxiety, and depression and not at all to pain and fatigue. It appears that control mechanisms contribute significantly to stress levels in FM.
Discussion
Control has been seen primarily as a means of understanding how aversive predicaments are managed. Control was a reaction to a predicament. However, the concept of control has expanded to include how cognitions, emotions, and behaviors each interact with control and hence influence outcomes. Part of this adaptive process reflects elements of personality by use of "stable traits" and their influence on one's ability to adapt to change and, as such, their effect on one's status of health behavior. 4 This is relevant to chronic pain states. It has been found that control has a close association with functional capacity, where stronger internal beliefs of control align with higher success rates with treatments. 13 Individuals with a higher sense of internal control proactively seek and use strategies that result in fewer subsequent limitations. In contrast, in relation to chronic pain, patients who perceive that outcomes are controlled by chance (ie, those with high levels of external control and hence low levels of mastery), report higher helplessness scores and that their coping techniques are not effective in adjusting or decreasing their pain. 5, 16 Thus, internal and external control processes each seem able to contribute to or modulate clinical outcomes in patients with chronic pain.
Control, in general, links beliefs, feelings, and behaviors to predictable outcomes. Some consider fate or chance to represent an external state that has no effect on the ability of the individual's beliefs, feelings, or actions to shape consequences and outcomes.
14 Although studies reviewing the use of control within the FM population are limited, one study of FM patients reported use of external control mechanisms in comparison with patients with rheumatoid arthritis. 24 Another study in women with FM found an association between external control and depressed mood, suggesting that increased external control was a strong predictor of depression. 7 It has been shown that decreasing a sense of external control in FM will associate with significantly better outcomes in a multidisciplinary program. 9 In this study we sought to further examine aspects of control in FM. We were interested to see where control, both internal and external, was placed in the various elements that characterize this common pain disorder. We identified patients with the characteristic clinical phenotype of FM based on established classification criteria. Our healthy pain-free controls were moderately well matched, with some demographic differences between the FM and HC groups. However, the subjects appear representative of other studies with university educated, married women between the ages of 50 and 55 years who are working and/ or housewives. 25, 26 It has been shown that socioeconomic factors such as age, education, work status, and income may all affect the expression of pain, fatigue, poor sleep, stress, and other related variables. 27, 28 These factors may have influenced the changes seen in the FM group compared with the HC group. However, our FM population showed typical levels of clinical features as found in other studies. Fatigue and sleep disturbance rated higher than pain, as is often seen. Cognitive disturbance (as measured by confusion from the POMS instrument) was high. These characteristics shape the FM phenotype. 29 In addition, our patients had, on average, moderate levels of anxiety and depression and moderate to high self-rated psychological distress. The internal and external control scales were both significantly lower in FM patients compared with the healthy controls, as was hypothesized.
The FM patient population showed a gradient effect between FM characteristics and comorbidities and both types of control -lower internal control and higher external control -each associated with increased FM symptoms, stress, and mood changes. Of the FM characteristics of pain, fatigue, sleep satisfaction, and confusion, it is noted that only pain did not show a gradient effect between low, medium, and high levels of control, either internal or external. It was felt that this might relate to a ceiling effect of pain, in that all patients had pain as a prerequisite entry criterion into the study. Thus, although pain levels differed significantly between the FM group and the HC group, there was no buffering effect toward pain levels from within the FM group.
Internal control and external control were further entered in multiple regression analysis together with FM-related factors, including confusion, anxiety, depression, stress, pain, and fatigue, in order to estimate symptom severity and coping skills (Table 7) . Control mechanisms turned out to be the most powerful predictor for stress, with the Mastery Scale explaining 32% of the variance and 28.5% for internal control. The effect of stress may be relevant to the FM process. Patients with poor internal control mechanisms may generate more stress, which, in turn, may amplify the FM process. Those placed in situations where there is high external control may also generate similar stress-related outcomes. It has been previously noted that women with FM and a higher external control level than a healthy normal comparator group showed higher anxiety and depression scores. 7 In our study, it is noted that the healthy controls also showed a significant relationship between different levels of internal control and pain, fatigue, sleep satisfaction, and confusion, as well as stress and mood changes. This suggests that internal control links with all these characteristics in normal healthy people, albeit at much lower levels than in FM patients. The effect of internal control on FM clinical features may be one end of a spectrum that includes normal healthy people at one end and the FM phenotype at the other. Different levels of external control in normal healthy people showed similar associations except for fatigue, sleep satisfaction, and anxiety. The effects of external control factors thus may be more complex on the individual than those that relate to internal control.
There are conceptual differences between the instruments used to assess "internal" and "external" control. Although both capture similar essential elements relating to control, the construct of the internal and external statements differs in important ways. The internal control items as used in the PCOISS instrument target the thoughts associated with control and include: "I find it hard to stop thinking about my problems.", "I realise I am thinking silly thoughts; I can usually stop myself.", "I can usually talk myself out of feeling bad.", "I usually keep my thoughts under control.", and "I have a number of techniques or tricks that I use to stay calm and relaxed." In contrast, the external control items, as used in the Mastery Scale, target more general concepts of control external to the individual, such as: "Whatever happens to me in the future mostly depends on me.", "Sometimes I feel I am being pushed around in life.", "I can do just about anything I really set my mind to.", and "I often feel helpless in dealing with the problems of life." These scales provide for a spectrum of responses and are not mutually exclusive, but they do attempt to target different aspects of control. The intrinsic scale differences therefore give some explanation as to the differences found in Table 6 . Overall, there were similar findings between both scales and FM characteristics, in that both lower internal control and higher external control (ie, lower mastery) were associated with higher symptoms of FM and also higher stress in FM patients.
The issue of control is an important aspect in the picture of the FM individual, as living with a chronic condition involves adaptation. The ability to control internal and behavioral responses that shape the desired outcome links more closely to adjustment based on the control over the emotional response rather than the situation itself.
1 Thus, the predictability over these internal states (internal control) can be a useful tool for self-management, as it relates to the behavioral intention of a patient to engage in change, eg, in physical activity. A person who believes they can cope with the pain of FM will engage in more physical activity than a person who does not. 13 Combining this with the individual's belief system produces a blueprint of how the FM patient copes with relevant symptoms.
Various studies in FM populations have explored a person's internal states, particularly how thoughts, emotions, and physical reactions might influence outcomes. This is pertinent to the central sensitization process and exacerbation of persistent pain. 30 Patients instructed in methods to improve their perceived locus of control have shown changes in their subsequent functional magnetic resonance imaging (fMRI) scan.
31,32 Before instruction, the pain-related fMRI changes are typical of those seen in FM. After instruction in methods to improve internal control, the fMRI reflects less of the FM changes, and the patients report fewer FM symptoms. This infers that control is an important "up-stream" mediator in the psychological processes that associate with FM clinical features.
Limited conclusions can be drawn from this study, with only cross-sectional and exploratory outcomes reported here, and thus further investigations require a longitudinal focus to replicate the findings. It is unclear from this cross-sectional study as to whether changes in control are a reaction to the clinical condition of FM or whether they are intrinsic to the process causing the altered biology that result in typical features. In addition, we do not report the duration of pain, which means that drawing inferences about the pain is limited. It has been well documented that the individuals who are often found within studies such as these are individuals who are well entrenched in a difficult mix of chronic feedback loops of psychological and submit your manuscript | www.dovepress.com Dovepress Dovepress behavioral responses. Hence, we used intragroup comparisons and sought gradient effects using tertile comparisons to enhance the results in our FM cohort. We also recognize that the various patient-reported outcomes that we used are each measuring overlapping constructs that indirectly and somewhat artificially sample different aspects of a complex psychological process.
Understanding the impact of control and its relationship to the development and exacerbation of FM has major implications for treatment. It has been established that a self-management approach is an effective way to improve outcomes in FM. Incorporating techniques that bring change to an individual's belief that they can influence or control their internal states and hence their reactions to life predicaments is a cost-effective and sustainable strategy. Improvement in control needs to be considered as part of FM management.
The ability to control thoughts, emotions, and physical reactions differs significantly between FM and healthy comparators and buffers mood, stress, fatigue, and pain. Control appears an important "up-stream" process in FM mechanisms and outcomes amenable to positive intervention. As control influences healthy behaviors, the application of self-management principles, and the biopsychosocial factors that contribute to the development and exacerbation of central sensitization, it is a key factor in FM that warrants further research.
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